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SUPPLEMENTARY NOTE 1: DISTINGUISHING BETWEEN POOLE-FRENKEL EFFECT AND SCHOTTKY EMISSION
We have used the Poole-Frenkel effect to explain our experimental I-V data measured on amorphous phase-change materials. However, we have not considered the effect of the potential presence of a Schottky barrier at the metal-amorphous junctions. According to the Schottky effect, the Schottky barrier Φ B would be modulated in the presence of an electric field at the interface according to 1
where Φ B0 is the barrier height without field, F m the electric field at the metal-amorphous interface and ε s the static permittivity of the amorphous phase-change material. Due to the low mobility in amorphous semiconductors, the diffusion theory of metal-semiconductor rectification rather than thermionic emission is usually applied to calculate the I-V characteristic of the Schottky barrier under bias. 2 The current density j S is then given by 1
where V is the applied voltage and N c is the effective density of states at the band edge. Therefore, in the PCM mushroom cells, if a Schottky barrier at the interface between the bottom electrode and amorphous phase-change material would dominate the conduction, a rectifying diode-like I-V characteristic of the form of Eq. (S2) would be expected. The current should rise rapidly in forward bias and only slightly in reverse bias due to the Schottky effect. I-V characteristics of the d-GST PCM cells in the amorphous state at room temperature measured in both voltage polarities are shown in Suppl. Fig. 2 . Although there is a slight asymmetry in the measured I-V curve with respect to the polarity, it does not have the characteristics of a rectifying I-V relationship as predicted by Eq. (S2) . It is thus reasonable to assume that the contact at the metal-amorphous junction is fairly ohmic and that the observed field-dependence of conductivity comes mostly from the bulk amorphous material. In this case, the Poole-Frenkel effect is more appropriate to describe the electrical transport.
SUPPLEMENTARY NOTE 2: SPACE-CHARGE LIMITED CONDUCTION
In this work we have assumed that the electric field is uniform throughout our devices for all applied voltages. In most standard semiconductor devices, at high electric fields and high current densities this assumption is not valid as a space-charge limited current regime is typically reached. 1 In amorphous semiconductors, due to the large amount of traps present in those materials, it is not obvious whether such a regime would be reached. A universal consequence of space-charge limited conduction is the scaling law 3
where σ is the conductivity, V the applied voltage, t the device thickness and F = V /t the applied field over the device. In other words, the electrical transport properties would depend on the device thickness.
We have tried to investigate what would be the consequence of this scaling law if it would be verified for our GeTe devices. We could successfully describe electrical transport in this material with our model in both line cells with t = 2 µm and PCM cells with t = 15 nm. We have plotted the normalized conductivity of those two devices at room temperature as function of V /t 2 and V /t in Suppl. Fig 3. It can be seen that the curves nicely overlap when plotted as function of V /t and do not scale properly as function of V /t 2 assuming t = 15 nm for the PCM cell. In order to have the two curves overlapping as function of V /t 2 one would need to assume a thickness of t = 173 nm for the PCM cell data, which is substantially larger than the overall thickness of the phase-change layer in the device. In light of those considerations, we can safely say that spacecharge limited conduction cannot explain our data at least in the low-field regime. Moreover, our d-GST PCM cell data could be well captured at all fields with our Poole-Frenkel transport model for two different thicknesses of the amorphous region (see Figs. 4(b) and 4(c) of the manuscript). If a transition to a space-charge limited regime at high fields would occur, one would expect the data to deviate from the Poole-Frenkel behavior differently for different thicknesses. Since that is not the case, it does not seem like a transition to a space-charge limited regime at high fields is apparent in those devices.
